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$%675$&7 ? ?
$JLQJLVDVVRFLDWHGZLWKGHWHULRUDWLRQLQWKHVWUXFWXUHDQGIXQFWLRQRIWKHSXOPRQDU\FLUFXODWLRQ ? ?
:HFKDUDFWHUL]HG WKH OXQJGLIIXVLQJ FDSDFLW\ IRU FDUERQPRQR[LGH '/&2 DOYHRODUFDSLOODU\ ? ?
PHPEUDQH FRQGXFWDQFH 'P&2 DQG SXOPRQDU\FDSLOODU\ EORRG YROXPH 9& UHVSRQVH WR ? ?
GLVFRQWLQXRXVLQFUHPHQWDOH[HUFLVHDWDQGRISHDNZRUN:SHDNLQIRXUJURXSV ? ?
 <RXQJ >   \ PD[LPDO R[\JHQ FRQVXPSWLRQ 9%c2PD[    DJHSUHGLFWHG@  ? ?
<RXQJ+LJKO\)LW\9%c2PD[DJHSUHGLFWHG2OG\9%c2PD[ ? ?
DJHSUHGLFWHGDQG2OG+LJKO\)LW\9%c2PD[DJHSUHGLFWHG$WUHVW ? ?
DQGDW:SHDN'/&2'P&2DQG9&ZHUHGHFUHDVHGZLWKDJH$W:SHDN'/&2'P&2 ? ?
DQG9&ZHUHJUHDWHULQ2OG+LJKO\)LWYV2OGDGXOWV7KHVORSHRIWKH'/&2FDUGLDFRXWSXW4%c ? ?
UHODWLRQVKLS IURP UHVW WR HQGH[HUFLVH DW  :SHDN ZDV QRW GLIIHUHQW EHWZHHQ <RXQJ <RXQJ ? ?
+LJKO\)LW2OGDQG2OG+LJKO\)LWYVYVYVPO&2āPP+Jíā/EORRGíP   ? ?
ZLWKQRHYLGHQFHRIDSODWHDXLQWKLVUHODWLRQVKLSGXULQJH[HUFLVHWKLVZDVDOVRWUXHIRU ? ?
'P&24%cDQG9&4%c9%c2PD[ZDVSRVLWLYHO\FRUUHODWHGZLWK'/&2'P&2DQG9&DWUHVW ? ?
WKHUHVWWRHQGH[HUFLVHFKDQJHLQ'/&2'P&2DQG9&,QFRQFOXVLRQWKHVHGDWDVXJJHVWWKDW ? ?
GHVSLWH WKH DJHDVVRFLDWHG GHWHULRUDWLRQ LQ WKH VWUXFWXUH DQG IXQFWLRQ RI WKH SXOPRQDU\ ? ?
FLUFXODWLRQ H[SDQVLRQ RI WKH SXOPRQDU\ FDSLOODU\ QHWZRUN GRHV QRW EHFRPH OLPLWHG GXULQJ ? ?
H[HUFLVHLQKHDOWK\LQGLYLGXDOVUHJDUGOHVVRIDJHRUFDUGLRUHVSLUDWRU\ILWQHVVOHYHO ? ?
 ? ?
.(<:25'60D[LPDODHURELFFDSDFLW\OXQJGLIIXVLQJFDSDFLW\SXOPRQDU\FLUFXODWLRQ ? ?
DOYHRODUFDSLOODU\PHPEUDQHFRQGXFWDQFHSXOPRQDU\FDSLOODU\EORRGYROXPH ? ?
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+HDOWK\DJLQJLVDFUXFLDODUHDRIUHVHDUFK7KLVPDQXVFULSWGHWDLOVKRZGLIIHUHQFHVLQDJHDQG ? ?
FDUGLRUHVSLUDWRU\ILWQHVVOHYHODIIHFWOXQJGLIIXVLQJFDSDFLW\SDUWLFXODUO\GXULQJKHDY\H[HUFLVH ? ?
:H FRQFOXGH WKDW KLJKO\ ILW ROGHU DGXOWV GR QRW H[SHULHQFH D OLPLW LQ OXQJ GLIIXVLQJ FDSDFLW\ ? ?
GXULQJ KHDY\ H[HUFLVH ,QWHUHVWLQJO\ KRZHYHU ZH IRXQG WKDW KLJKO\ ILW ROGHU LQGLYLGXDOV ? ?
GHPRQVWUDWH JUHDWHU YDOXHV RI OXQJ GLIIXVLQJ FDSDFLW\ GXULQJ KHDY\ H[HUFLVH WKDQ WKHLU OHVV ILW ? ?
DJHPDWFKHGFRXQWHUSDUWV ? ?
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,1752'8&7,21 ? ?
0D[LPDO DHURELF FDSDFLW\ 9%c2PD[ KDV EHHQ VKRZQ WR DW OHDVW LQ SDUW GHWHUPLQHG E\ WKH ? ?
VWUXFWXUHDQGIXQFWLRQRIWKHSXOPRQDU\YDVFXODWXUHLQKHDOWKDQGFKURQLFGLVHDVH ? ?
)RUH[DPSOHLWKDVEHHQVKRZQWKDW9%c2PD[LVSRVLWLYHO\FRUUHODWHGZLWKUHVWLQJSXOPRQDU\ ? ?
FDSLOODU\EORRGYROXPH 9& DQGSXOPRQDU\YDVFXODWXUHGLVWHQVLELOLW\ DQG LQYHUVHO\ UHODWHG WR ? ?
SXOPRQDU\YDVFXODUUHVLVWDQFHDWPD[LPDOH[HUFLVHLQKHDOWK\LQGLYLGXDOV7KLVVXJJHVWVWKDW ? ?
DODUJHUPRUHGLVWHQVLEOHSXOPRQDU\YDVFXODUQHWZRUNLVDVVRFLDWHGZLWKJUHDWHUDHURELFH[HUFLVH ? ?
FDSDFLW\LQKXPDQV ? ?
 ? ?
0HDVXUHV RI OXQJ GLIIXVLQJ FDSDFLW\ IRU FDUERQ PRQR[LGH '/&2 DQG QLWULF R[LGH '/12 ? ?
DOYHRODUFDSLOODU\ PHPEUDQH FRQGXFWDQFH 'P&2 DQG SXOPRQDU\ FDSLOODU\ EORRG YROXPH 9& ? ?
DUH FRQVLGHUHG WR UHIOHFW WKH SXOPRQDU\ YDVFXODU UHVSRQVH WR ZKROHERG\ H[HUFLVH ,QGHHG ? ?
LQFUHDVHG FDUGLDF RXWSXW DQG SXOPRQDU\ SHUIXVLRQ SUHVVXUH GXULQJ H[HUFLVH FDXVH D PDUNHG ? ?
H[SDQVLRQ RI WKH KLJKO\ FRPSOLDQW SXOPRQDU\ FDSLOODU\ QHWZRUN WKDW LV DVVRFLDWHG ZLWK DQ ? ?
LQFUHDVH '/&2 '/12 'P&2 DQG 9&    $GGLWLRQDOO\ LW LV WKRXJKW WKDW WKH ? ?
'/12'/&2UDWLRSURYLGHVLQVLJKWLQWRWKHPHFKDQLVPE\ZKLFKH[SDQVLRQRIWKHSXOPRQDU\ ? ? ?
FDSLOODU\QHWZRUNGXULQJH[HUFLVHRFFXUVZLWKDQLQFUHDVHLQWKHUDWLRLQGLFDWLQJDWKLQQLQJRIWKH ? ? ?
SXOPRQDU\ FDSLOODU\ VKHHW LH SUHGRPLQDQW YHVVHO UHFUXLWPHQW DQG D GHFUHDVH LQ WKH UDWLR ? ? ?
LQGLFDWLQJDWKLFNHQLQJRIWKHEORRGVKHHWLHSUHGRPLQDQWYHVVHOGLVWHQVLRQ ? ? ?
 ? ? ?
+HDWK\DJLQJLVDVVRFLDWHGZLWKDSURJUHVVLYHGHWHULRUDWLRQ LQWKHVWUXFWXUHDQGIXQFWLRQRI WKH ? ? ?
SXOPRQDU\ FLUFXODWLRQ WKDW LV FKDUDFWHUL]HG E\ DQ LQFUHDVH LQ SXOPRQDU\ YDVFXODU VWLIIQHVV ? ? ?
SXOPRQDU\YDVFXODUSUHVVXUHVDQGSXOPRQDU\YDVFXODUUHVLVWDQFH$GGLWLRQDOO\IURP ? ? ?
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
PDWXULW\ WR VHQHVFHQFH WKHUH LV D GHFUHDVH LQ UHVWLQJ 9& DQG 'P&2 WKDW LV FRQVLVWHQW ZLWK D ? ? ?
UHGXFWLRQLQDOYHRODUFDSLOODU\VXUIDFHDUHD7KHVHDJHUHODWHGFKDQJHVLQWKHSXOPRQDU\ ? ? ?
YDVFXODWXUH PD\ LPSDLU UHFUXLWPHQW DQGRU GLVWHQVLRQ RI WKH SXOPRQDU\ FDSLOODULHV GXULQJ ? ? ?
H[HUFLVHLQKHDOWK\ROGHUDGXOWVVXEVHTXHQWO\LPSDLULQJWKHLQFUHDVHLQDOYHRODUFDSLOODU\VXUIDFH ? ? ?
DUHDQHHGHGIRUHIIHFWLYHJDVH[FKDQJHDQGUHVXOWLQJLQDQH[FHVVLYHULVHLQSXOPRQDU\YDVFXODU ? ? ?
SUHVVXUHVUHODWLYHWRWKHPHWDEROLFGHPDQGRIH[HUFLVH+RZHYHULWKDVEHHQVKRZQWKDW'/&2 ? ? ?
DQG9&LQFUHDVHOLQHDUO\UHODWLYHWRH[HUFLVHLQWHQVLW\LQROGDVZHOODV\RXQJKHDOWK\DGXOWV ? ? ?
LQGLFDWLQJWKDWH[SDQVLRQRIWKHSXOPRQDU\FDSLOODULHVGRHVQRWEHFRPHOLPLWHGGXULQJH[HUFLVH ? ? ?
LQWKHVHLQGLYLGXDOV7KLVILQGLQJLPSOLHVWKDWWKHFKDQJHVLQWKHSXOPRQDU\FLUFXODWLRQWKDWRFFXU ? ? ?
ZLWKKHDOWK\DJLQJDUHVRPHZKDWPLOGDQGQRWVXIILFLHQWWRDIIHFWSXOPRQDU\YDVFXODUH[SDQVLRQ ? ? ?
DQGWKHUHFUXLWPHQWRIHIIHFWLYHDOYHRODUFDSLOODU\VXUIDFHDUHDIRUJDVH[FKDQJHGXULQJH[HUFLVH ? ? ?
LQKHDOWK\ROGHUDGXOWV ? ? ?
 ? ? ?
7KH SXOPRQDU\ YDVFXODU UHVSRQVH WR H[HUFLVH LQ DJHG DGXOWV ZKR KDYH PDLQWDLQHG D KLJK ? ? ?
FDUGLRUHVSLUDWRU\ ILWQHVV LV KRZHYHU FXUUHQWO\ OHVV ZHOO FKDUDFWHUL]HG  7KHRUHWLFDOO\ EHWWHU ? ? ?
PDLQWHQDQFHRI9%c2PD[WKURXJKFRQGLWLRQLQJPD\FDXVHWKHGHPDQGIRU4%cDQGSXOPRQDU\EORRG ? ? ?
IORZGXULQJH[HUFLVHWRUHPDLQHOHYDWHGLQHQGXUDQFHWUDLQHGKLJKO\ILWROGHUVXEMHFWVFRPSDUHG ? ? ?
WR WKHLU \RXQJHU FRXQWHUSDUWV 7KLV LQ WKH IDFH RI DJHUHODWHG DOWHUDWLRQV LQ WKH VWUXFWXUH DQG ? ? ?
IXQFWLRQRIWKHSXOPRQDU\FLUFXODWLRQPD\SUHGLVSRVHKLJKO\ILWROGHUDGXOWVWRLPSDLUPHQWVLQ ? ? ?
SXOPRQDU\YDVFXODUH[SDQVLRQDQGSXOPRQDU\JDVH[FKDQJHUHODWLYHWRPHWDEROLFGHPDQGGXULQJ ? ? ?
H[HUFLVH$FFRUGLQJO\WKHDLPRIWKHSUHVHQWVWXG\ZDVWRFKDUDFWHUL]HWKH'/&2'P&2DQG9& ? ? ?
UHVSRQVH WR LQFUHPHQWDOH[KDXVWLYHH[HUFLVH LQKHDOWK\DHURELFDOO\WUDLQHGROGHUDGXOWVUHODWLYH ? ? ?
WR WKHLU DJHPDWFKHG OHVV DHURELFDOO\ ILW FRXQWHUSDUWV DV ZHOO DV \RXQJHU DGXOWV RI YDULRXV ? ? ?
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
FDUGLRUHVSLUDWRU\ ILWQHVV OHYHOV :H K\SRWKHVL]HG WKDW WKRVH ROGHU LQGLYLGXDOV ZKR KDG ? ? ?
PDLQWDLQHGDQ HOHYDWHGFDUGLRUHVSLUDWRU\ ILWQHVVZRXOG HQFURDFKXSRQ WKHLUPD[LPDO DELOLW\ WR ? ? ?
H[SDQGWKHSXOPRQDU\YDVFXODUQHWZRUNGXULQJVHYHUHH[HUFLVHDVHYLGHQFHGE\DSODWHDXDQGRU ? ? ?
GHFUHDVHLQWKHUDWHRIULVHLQRQHRUPRUHRI'/&2'P&2RU9& ? ? ?
 ? ? ?
0(7+2'6 ? ? ?
6XEMHFWV ? ? ?
6L[WHHQ \RXQJ DGXOWV    \ DQG  ROGHU DGXOWV    \ ZKR KDG SXOPRQDU\ IXQFWLRQ ? ? ?
ZLWKLQQRUPDOOLPLWVSDUWLFLSDWHGLQWKHVWXG\7DEOH7KHVXEMHFWVZHUHVXEGLYLGHGLQWRIRXU ? ? ?
JURXSVDFFRUGLQJWRDJH\ ³\RXQJ´\ ³ROG´DQGFDUGLRUHVSLUDWRU\ILWQHVV9%c2PD[ ? ? ?
RIDJHSUHGLFWHG ³KLJKO\ILW´*URXS<RXQJDJH\UDQJH±9%c2PD[ ? ? ?
SUHGLFWHGUDQJH±n  *URXS<RXQJ+LJKO\)LWDJH\UDQJH ? ? ?
±9%c2PD[ SUHGLFWHG UDQJH± n  *URXS2OGDJH\ ? ? ?
UDQJH±9%c2PD[SUHGLFWHGUDQJH±n  IHPDOH*URXS2OG ? ? ?
+LJKO\)LWDJH\UDQJH±9%c2PD[SUHGLFWHGUDQJH±n   ? ? ?
IHPDOH7DEOH$OOVXEMHFWVZHUHKHDOWK\DQGKDGQRKLVWRU\RIUHVSLUDWRU\FDUGLRYDVFXODU ? ? ?
RU PHWDEROLF GLVHDVH (DFK SDUWLFLSDQW JDYH ZULWWHQ LQIRUPHG FRQVHQW DIWHU EHLQJ SURYLGHG D ? ? ?
GHWDLOHGGHVFULSWLRQRI WKHVWXG\UHTXLUHPHQWV7KHH[SHULPHQWDOSURFHGXUHVZHUHDSSURYHGE\ ? ? ?
WKH0D\R&OLQLF,QVWLWXWLRQDO5HYLHZ%RDUGDQGZHUHSHUIRUPHGLQDFFRUGDQFHZLWKWKHHWKLFDO ? ? ?
VWDQGDUGVRIWKH'HFODUDWLRQRI+HOVLQNL ? ? ?
 ? ? ?
 ? ? ?
 ? ? ?
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
([SHULPHQWDO3URFHGXUHV ? ? ?
7KHH[SHULPHQWDOSURFHGXUHVZHUHFRQGXFWHGGXULQJWZRODERUDWRU\YLVLWVVHSDUDWHGE\DWOHDVW ? ? ?
EXWQRPRUHWKDQGD\V7KHVXEMHFWVDEVWDLQHGIURPFDIIHLQHIRUKDQGH[HUFLVHIRUK ? ? ?
SULRU WR HDFK YLVLW 'XULQJ YLVLW  SXOPRQDU\ IXQFWLRQ ZDV DVVHVVHG YLD IXOO ERG\ ? ? ?
SOHWK\VPRJUDSK\0HG*UDSKLFV(OLWH6HULHV3OHWK\VPRJUDSK0HGLFDO*UDSKLFV&RUSRUDWLRQ6W ? ? ?
3DXO 01 86$ DFFRUGLQJ WR VWDQGDUG SURFHGXUHV  1H[W VXEMHFWV SHUIRUPHG D PD[LPDO ? ? ?
LQFUHPHQWDOH[HUFLVHWHVWRQDQHOHFWURPDJQHWLFDOO\EUDNHGF\FOHHUJRPHWHU/RGH&RULYDO/RGH ? ? ?
%9 0HGLFDO 7HFKQRORJ\ *URQLQJHQ 7KH 1HWKHUODQGV IRU GHWHUPLQDWLRQ RI SHDN ZRUN UDWH ? ? ?
:SHDN DQG PD[LPDO R[\JHQ FRQVXPSWLRQ 9%c2PD[ ([HUFLVH ZDV LQLWLDWHG DW   RU  ? ? ?
:DWWV:GHSHQGLQJRQVHOIUHSRUWHGILWQHVVDQGZRUNUDWHZDVLQFUHDVHGE\:HYHU\PLQ ? ? ?
XQWLOYROLWLRQDOH[KDXVWLRQ:SHDNZDVFDOFXODWHGDVWKHVXPRIWKHILQDOZRUNUDWHFRPSOHWHGSOXV ? ? ?
WKHIUDFWLRQRIWKHSDUWLDOO\FRPSOHWHGZRUNUDWHEHIRUHH[KDXVWLRQ9%c2PD[ZDVWDNHQWREHWKH ? ? ?
KLJKHVWPHDQYDOXHZLWKLQWKHILQDOVHFRQGVRIH[HUFLVH ? ? ?
 ? ? ?
'XULQJYLVLWVXEMHFWVSHUIRUPHGGLVFRQWLQXRXVJUDGHGF\FOHH[HUFLVH)ROORZLQJPLQXWHVRI ? ? ?
TXLHWUHVWSDUWLFLSDQWVF\FOHGIRUPLQXWHVDWDQGRI:SHDNEHIRUHF\FOLQJDWRI ? ? ?
:SHDNWRYROLWLRQDOH[KDXVWLRQ%HWZHHQH[HUFLVHERXWVVXEMHFWVUHFRYHUHGTXLHWO\XQWLOKHDUWUDWH ? ? ?
UHWXUQHGWRZLWKLQESPRIUHVWLQJYDOXHVDWOHDVWPLQXWHV$GGLWLRQDOO\DPLQµZDUPXS¶ ? ? ?
DW  RI WKH ZRUNORDG DERXW WR EH FRPSOHWHG ZDV DOORZHG EHIRUH HDFK H[HUFLVH ERXW /XQJ ? ? ?
GLIIXVLQJFDSDFLW\IRUFDUERQPRQR[LGH'/&2DQGQLWULFR[LGH'/12DQGFDUGLDFRXWSXW4%c ? ? ?
ZHUHPHDVXUHGLQGXSOLFDWHDWUHVWDQGGXULQJWKHILQDOVRIHDFKH[HUFLVHERXWYLDDUHEUHDWKH ? ? ?
WHFKQLTXH ? ? ?
 ? ? ?
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
/XQJGLIIXVLQJFDSDFLW\DQGFDUGLDFRXWSXW ? ? ?
/XQJGLIIXVLQJFDSDFLW\IRUFDUERQPRQR[LGH'/&2 OXQJGLIIXVLQJFDSDFLW\ IRUQLWULFR[LGH ? ? ?
'/12DQGFDUGLDFRXWSXW4%cZHUHDVVHVVHGXVLQJDUHEUHDWKHWHFKQLTXHDVZHKDYHGHVFULEHG ? ? ?
SUHYLRXVO\ 8VLQJ WKLV WHFKQLTXH'/&2'/12DQG4%cDUHGHWHUPLQHGYLD WKH UDWHRI ? ? ?
GLVDSSHDUDQFHRI&212DQGDFHW\OHQH&+UHVSHFWLYHO\%ULHIO\VXEMHFWVVDWXSULJKWRQD ? ? ?
F\FOH HUJRPHWHU DQGEUHDWKHG WKURXJK D WZRZD\ VZLWFKLQJ YDOYH +DQV5XGROSK VHULHV ? ? ?
+DQV 5XGROSK .DQVDV &LW\ 02 86$ FRQQHFWHG WR D SQHXPRWDFKRPHWHU 0HG*UDSKLFV ? ? ?
3UH9HQW 3QHXPRWDFK 0HGLFDO *UDSKLFV &RUSRUDWLRQ 6W 3DXO 0186$ PDVV VSHFWURPHWHU ? ? ?
0DUTXHWWH0HGLFDO*DV$QDO\VHU3HUNLQ(OPHU6W/RXLV0286$DQG12DQDO\]HU ? ? ?
6LHYHUVL12$6LHYHUV%RXOGHU&286$7KHLQVSLUDWRU\SRUWRIWKHVZLWFKLQJYDOYHZDV ? ? ?
RSHQWRURRPDLURUD/DQHVWKHVLDEDJILOOHGZLWK&2&2SSP12+H ? ? ?
&+  2 DQG 1 EDODQFH 7KH WRWDO YROXPH RI JDV DGGHG WR WKH UHEUHDWKH EDJ ZDV ? ? ?
GHWHUPLQHGDV WKHDYHUDJH WLGDOYROXPHRI WKH VXEMHFWGXULQJ WKHV LPPHGLDWHO\SULRU WR ? ? ?
HDFKPHDVXUHPHQW7RHQVXUHWKHYROXPHRIWKHWHVWJDVZDVFRQVLVWHQWDFURVVPXOWLSOHUHEUHDWKH ? ? ?
PDQHXYHUV WKH EDJ ZDV ILOOHG XVLQJ D WLPHG VZLWFKLQJ FLUFXLW WKDW JLYHQ D FRQVWDQW IORZ UDWH ? ? ?
IURPWKHJDV WDQN UHVXOWHG LQ WKHGHVLUHGYROXPH7KH WHVWJDVYROXPHJLYHQE\ WKHVZLWFKLQJ ? ? ?
FLUFXLWZDVYHULILHGEHIRUHH[HUFLVHXVLQJD/V\ULQJH)ROORZLQJDQRUPDOH[SLUDWLRQVXEMHFWV ? ? ?
ZHUHVZLWFKHGLQWRWKHUHEUHDWKHEDJDQGLQVWUXFWHGWRQHDUO\HPSW\WKHEDJZLWKHDFKEUHDWKIRU ? ? ?
 FRQVHFXWLYH EUHDWKV $ UHVSLUDWRU\ IUHTXHQF\ RI  EUHDWKV SHU PLQ ZDV PDLQWDLQHG E\ ? ? ?
IROORZLQJDPHWURQRPHZLWKLQVSLUDWRU\DQGH[SLUDWRU\WRQHVWKLVUHVSLUDWRU\UDWHZDVQHFHVVDU\ ? ? ?
LQRUGHUWRFROOHFWHQRXJKGDWDWRFRUUHFWO\WUDFH12GHFD\,IWKHVXEMHFW¶VUHVSLUDWRU\IUHTXHQF\ ? ? ?
ZDV DERYHEUHDWKVSHUPLQGXULQJ H[HUFLVH WKH VXEMHFWZDV DOORZHG WR EUHDWKH DW D KLJKHU ? ? ?
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UDWH7KLVPDQHXYHUZDVSHUIRUPHGLQGXSOLFDWHDWUHVWDQGGXULQJWKHILQDOVRIHDFKH[HUFLVH ? ? ?
ERXW ? ? ?
 ? ? ?
)URPWKHPHDVXUHPHQWVRI'/&2DQG'/12DOYHRODUFDSLOODU\PHPEUDQHFRQGXFWDQFH'P&2 ? ? ?
DQG SXOPRQDU\ FDSLOODU\ EORRG YROXPH 9& ZHUH FDOFXODWHG   7KH FRHIILFLHQW UHODWLQJ ? ? ?
'/12WR'P&2 ĮUDWLRZDVVHWDWVXFKWKDW'P&2ZDVFDOFXODWHGDV'/12ĮUDWLR ? ? ?
1H[WWKHUHDFWLRQUDWHRI&2ZLWKKHPRJORELQș&2ZDVFDOFXODWHGXVLQJWKHHTXDWLRQGHULYHG ? ? ?
E\5HHYHVDQG3DUNLQZKLFKș&2LVGHSHQGHQWRQWKHFDSLOODU\SDUWLDOSUHVVXUHRIR[\JHQ ? ? ?
3FDS2 ? ? ? ଵఏ಴ೀ ൌ ͲǤͲͲͺ כ ௖ܲ௔௣ܱଶ ൅ ͲǤͲͳͷ͸ (TXDWLRQ ? ? ?
ZKHUH3FDS2LVHVWLPDWHGDVDOYHRODU32±92'/&2îZLWKSDUWLDOSUHVVXUHVLQPP+J ? ? ?
DQG92LQPOPLQ)LQDOO\WKHYDOXHVRI'P&2DQGș&2ZHUHXVHGWRVROYHIRU9&DFFRUGLQJWR ? ? ?
WKHIROORZLQJHTXDWLRQGHULYHGE\5RXJKWRQDQG)RUVWHU ? ? ? ଵ஽௅஼ை ൌ ଵ஽௠஼ை ൅ ଵఏ಴ೀכ௏௖ (TXDWLRQ ? ? ?
&DSLOODU\EORRGZDVVDPSOHGIURPDQHDUOREHDQGPHDVXUHGIRUKHPRJORELQ+EFRQFHQWUDWLRQ ? ? ?
YLDFHQWULIXJDOKHPDWRORJ\4%&$XWRUHDGHU%HFWRU'LFNLQVRQ3RUW0DWLOGD3$9&ZDVWKHQ ? ? ?
FRUUHFWHG IRU VWDQGDUG FRQFHQWUDWLRQV RI +E LQ PHQ  JGO DQG ZRPHQ  JGO DV ? ? ?
FDOFXODWHG9&îVWDQGDUG+EFRQFHQWUDWLRQPHDVXUHG+EFRQFHQWUDWLRQ ? ? ?
 ? ? ?
/XQJ'LIIXVLQJ&DSDFLW\&DUGLDF2XWSXW6ORSH ? ? ?
:H FDOFXODWHG WKH VORSH RI WKH '/&24%c 'P&24%c DQG 9&4%c UHODWLRQVKLS IURP UHVW WR HQG ? ? ?
H[HUFLVHLQHDFKH[SHULPHQWDOJURXSE\SORWWLQJ'/&2'P&2RU9&DVDIXQFWLRQRI4%c7KHVH ? ? ?
VORSHV UHSUHVHQW XQLW '/&2 'P&2 DQG 9& FKDQJHV SHU XQLW FKDQJH LQ SXOPRQDU\ YDVFXODU ? ? ?
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EORRGIORZ4%cDQGSURYLGHDQLQGLUHFWPHDVXUHRIWKHKHPRG\QDPLFUHVSRQVHRIWKHSXOPRQDU\ ? ? ?
FLUFXODWLRQWRH[HUFLVH ? ? ?
 ? ? ?
6WDWLVWLFDO$QDO\VLV ? ? ?
2QHZD\ $129$ ZLWK 7XNH\.UDPHU SRVWKRF DQDO\VLV two-tailedZDV XVHG WR FRPSDUH  ? ? ?
VXEMHFWFKDUDFWHULVWLFVSXOPRQDU\IXQFWLRQDQGPHDVXUHVRI'/&2'P&2DQG9&DWUHVW ? ? ?
DQGDWRI:SHDN7KHHIIHFWRIH[HUFLVHRQ'/&2'P&29&DQG'/12'/&2ZDVWHVWHG ? ? ?
XVLQJDOLQHDUPL[HGHIIHFWVPRGHO,QWKLVPRGHOWKHGHSHQGHQWYDULDEOHZDV'/&2'P&29& ? ? ?
RU'/12'/&2DQGWKHILYHH[HUFLVHOHYHOVUHVWDQG:SHDNZHUHWUHDWHGDV ? ? ?
UHSHDWHGPHDVXUHVZLWK4%cDVWKHFRQWLQXRXVYDULDEOH$JH\RXQJRUROGDQGFDUGLRUHVSLUDWRU\ ? ? ?
ILWQHVVQRUPDORUKLJKO\ILWZHUHLQFOXGHGDVLQGHSHQGHQWSUHGLFWRUYDULDEOHV7KDWLVXVLQJWKLV ? ? ?
PRGHO WKH UHVSRQVHRI DJLYHQYDULDEOH WRH[HUFLVH DVZHOO DV WKHRIIVHW LQEDVHOLQHYDOXHVDUH ? ? ?
DVVHVVHGDVD IXQFWLRQRIDJHDQGRUFDUGLRUHVSLUDWRU\ ILWQHVV&RHIILFLHQWRIGHWHUPLQDWLRQ r2 ? ? ?
ZDVFRPSXWHGWRDVVHVVWKHSURSRUWLRQRI9%c2PD[WKDWZDVSUHGLFWHGE\UHVWLQJ'/&2UHVWLQJ ? ? ?
'P&2DQGUHVWLQJ9&WKHFKDQJHǻLQ'/&2'P&2DQG9&IURPUHVWWRHQGH[HUFLVHDQG ? ? ?
WKH'/&24%c'P&24%cDQG9&4%cVORSHLQUHVSRQVHWRH[HUFLVH,QDOODQDO\VHVWKHDFFHSWDEOH ? ? ?
W\SH,HUURUZDVVHWDWP 5HVXOWVDUHH[SUHVVHGDVPHDQ6'7KHOLQHDUPL[HGHIIHFWV ? ? ?
PRGHOZDVSHUIRUPHGLQ0DWODEYHUVLRQ5D0DWK:RUNV1DWLFN0$DOORWKHUVWDWLVWLFDO ? ? ?
DQDO\VHVZHUHSHUIRUPHGXVLQJ,%063666WDWLVWLFVIRU:LQGRZV,%0$UPRQN1< ? ? ?
 ? ? ?
5(68/76 ? ? ?
6XEMHFWV ? ? ?
6XEMHFWFKDUDFWHULVWLFVDQGSXOPRQDU\IXQFWLRQDUHVKRZQLQ7DEOH*URXSPHDQDJHZDVQRW ? ? ?
GLIIHUHQW LQ<RXQJYV<RXQJ+LJKO\)LWRU LQ2OGYV2OG+LJKO\)LW ,QDGGLWLRQDOO VXEMHFW ? ? ?
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
JURXSVZHUHZHOOPDWFKHGIRUKHLJKWERG\PDVVDQG%0,$EVROXWHDQGUHODWLYHto body mass ? ? ?
9%c2PD[DQG:SHDNZHUHJUHDWHULQ<RXQJ+LJKO\)LWFRPSDUHGWR<RXQJ2OGDQG2OG+LJKO\)LW ? ? ?
DOOP7DEOH,QDGGLWLRQ9%c2PD[DEVROXWHDQGUHODWLYHDQG:SHDNZHUHORZHULQ2OG ? ? ?
YHUVXV <RXQJ <RXQJ +LJKO\)LW DQG 2OG +LJKO\)LW DOO P   7DEOH  ,QWHUHVWLQJO\ ? ? ?
KRZHYHUQHLWKHU9%c2PD[QRU:SHDNZDVGLIIHUHQWLQ<RXQJYV2OG+LJKO\)LW7DEOH ? ? ?
 ? ? ?
/XQJ'LIIXVLQJ&DSDFLW\DW5HVWDQGDW:SHDN ? ? ?
$WUHVWJURXSPHDQ'/&2'P&2DQG9&ZHUHORZHULQ2OGYV<RXQJPDQG<RXQJ ? ? ?
+LJKO\)LW P 7DEOHDQG)LJXUH ,QDGGLWLRQJURXSPHDQUHVWLQJ'/&2'P&2 ? ? ?
DQG 9& ZHUH ORZHU LQ 2OG +LJKO\)LW FRPSDUHG WR <RXQJ +LJKO\)LW P    DQG ? ? ?
UHVSHFWLYHO\7DEOHDQG)LJXUH1RRWKHUGLIIHUHQFHVLQUHVWLQJPHDVXUHVRI'/&2 ? ? ?
'P&2DQG9&ZHUHREVHUYHGEHWZHHQWKHIRXUH[SHULPHQWDOJURXSV7DEOH ? ? ?
 ? ? ?
$WRI:SHDNJURXSPHDQ'/&2'P&2DQG9&ZHUHORZHULQ2OGYV<RXQJP ? ? ?
<RXQJ +LJKO\)LW P   DQG 2OG +LJKO\)LW P   7DEOH  DQG )LJXUH  $OVR ? ? ?
JURXSPHDQ'/&2DQG'P&2DWRI:SHDNZHUHORZHULQ2OG+LJKO\)LWFRPSDUHGWR<RXQJ ? ? ?
P DQG<RXQJ+LJKO\)LWP 0RUHRYHU9&ZDVORZHULQ2OG+LJKO\)LWYV ? ? ?
<RXQJ+LJKO\)LWDWRI:SHDNP  7DEOHDQG)LJXUH7KHVHGDWDVXJJHVWWKDW ? ? ?
DWUHVWDQGGXULQJH[HUFLVHOXQJGLIIXVLQJFDSDFLW\DQGLWVFRPSRQHQWSDUWVLH'/&2'P&2 ? ? ?
DQG9&DUHGHFUHDVHGZLWKDJH$GGLWLRQDOO\ OXQJGLIIXVLQJFDSDFLW\DQG LWVFRPSRQHQWSDUWV ? ? ?
DUHJUHDWHUGXULQJQHDUPD[LPDOH[HUFLVHKLJKO\ILWROGHUDGXOWVFRPSDUHGWRWKHLUDJHPDWFKHG ? ? ?
OHVVILWFRXQWHUSDUWV ? ? ?
 ? ? ?
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 ? ? ?
 ? ? ?
/XQJ'LIIXVLQJ&DSDFLW\5HVSRQVHWR([HUFLVHHIIHFWRIDJHDQGFDUGLRUHVSLUDWRU\ILWQHVV ? ? ?
'/&2 'P&2 DQG9& URVH VWHDGLO\ZLWK LQFUHDVLQJ4%cGXULQJ H[HUFLVHZLWKQR HYLGHQFHRI D ? ? ?
SODWHDXDQGRUGHFUHDVHLQWKHUDWHRIULVHLQWKHVHYDULDEOHVIURPUHVWWRHQGH[HUFLVHLQDQ\RI ? ? ?
WKH H[SHULPHQWDO JURXSV )LJXUH  7KHVH GDWD VXJJHVW WKDW QR JURXS HQFURDFKHG XSRQ WKHLU ? ? ?
PD[LPDODELOLW\WRH[SDQGWKHSXOPRQDU\YDVFXODUQHWZRUNDQGLQFUHDVHOXQJVXUIDFHDUHDIRUJDV ? ? ?
H[FKDQJHGXULQJH[HUFLVH7KURXJKRXWH[HUFLVH'/&2ZDVVLJQLILFDQWO\ORZHUZLWKJUHDWHUDJH ? ? ?
PEXW VLJQLILFDQWO\KLJKHUZLWKJUHDWHU ILWQHVV P  )LJXUH'P&2 DQG9& ? ? ?
ZHUHVLJQLILFDQWO\ ORZHUZLWKJUHDWHUDJHP WKURXJKRXWH[HUFLVH WKHHIIHFWRI ILWQHVV ? ? ?
ZDV QRW VLJQLILFDQW )LJXUH  7KH UHODWLRQVKLSV EHWZHHQ OXQJ GLIIXVLQJ FDSDFLW\ DQG LWV ? ? ?
FRPSRQHQWYDULDEOHVLH'/&2'P&2DQG9&DQG4%cIURPUHVWWRHQGH[HUFLVHDUHVKRZQLQ ? ? ?
)LJXUH7KHUDWHRIULVHLQ'/&2'P&2DQG9&UHODWLYHWR4%cGXULQJH[HUFLVHZDVUHPDUNDEO\ ? ? ?
VLPLODUEHWZHHQWKHIRXUH[SHULPHQWDOJURXSV,QGHHG WKHUHZDVQRVLJQLILFDQWHIIHFWRIDJHRU ? ? ?
ILWQHVVRQWKHVORSHRIWKH'/&24%c'P&24%cDQG9&4%cUHVSRQVHWRH[HUFLVH)LJXUH7KHVH ? ? ?
GDWDVXJJHVWWKDWDOOJURXSVH[SHULHQFHGDVLPLODUSXOPRQDU\YDVFXODUUHVSRQVHWRH[HUFLVH ? ? ?
 ? ? ?
7KH'/12'/&2UDWLRGHFUHDVHGIURPUHVWWRWKURXJKRXWH[HUFLVHLQ<RXQJP 2OGP ? ? ?
 DQG2OG+LJKO\)LWP LQGLFDWLQJWKDWSXOPRQDU\FDSLOODU\H[SDQVLRQGXULQJ ? ? ?
H[HUFLVHZDVDWOHDVWSDUWLDOO\DFKLHYHGYLDYHVVHOGLVWHQVLRQWKLVIDOOZDVQRWVLJQLILFDQWLQWKH ? ? ?
<RXQJ +LJKO\)LW LQGLYLGXDOV P    )LJXUH  )XUWKHUPRUH WKHUH ZDV QR VLJQLILFDQW ? ? ?
HIIHFWRIDJHP RUILWQHVVRQWKHUDWHRIIDOOLQ'/12'/&2IURPUHVWWRHQGH[HUFLVH ? ? ?
)LJXUH ? ? ?
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 ? ? ?
 ? ? ?
5HODWLRQVKLSRI/XQJ'LIIXVLQJ&DSDFLW\DQG9%c2PD[ ? ? ?
7KH UHODWLRQVKLSV EHWZHHQ 9%c2PD[ DQG  UHVWLQJ PHDVXUHV RI '/&2 'P&2 DQG 9&  WKH ? ? ?
FKDQJHǻLQ'/&2'P&2DQG9& IURPUHVWWRHQGH[HUFLVHDQG WKH'/&24%c'P&24%c ? ? ?
DQG9&4%cVORSHLQUHVSRQVHWRH[HUFLVHIRUDOOVXEMHFWVDUHVKRZQLQ)LJXUH)LJXUHDQG ? ? ?
)LJXUHUHVSHFWLYHO\$VLJQLILFDQWSRVLWLYHFRUUHODWLRQZDVIRXQGEHWZHHQ9%c2PD[DQGUHVWLQJ ? ? ?
PHDVXUHVRI'/&2r P 'P&2r P DQG9&r P  ? ? ?
)LJXUH6LPLODUO\WKHUHZDVDVLJQLILFDQWSRVLWLYHUHODWLRQVKLSEHWZHHQ9%c2PD[DQG ? ? ?
WKH UHVW WR HQGH[HUFLVHFKDQJH ǻ LQ'/&2 r P 'P&2 r P  ? ? ?
 DQG 9& r    P    )LJXUH  )LQDOO\ WKHUH ZDV D SRVLWLYH UHODWLRQVKLS ? ? ?
EHWZHHQ 9%c2PD[ DQG WKH '/&24%c VORSH LQ UHVSRQVH WR H[HUFLVH r    P    WKH ? ? ?
UHODWLRQVKLSEHWZHHQ9%c2PD[ DQG WKH'P&24%cDQG9&4%cVORSH LQ UHVSRQVH WRH[HUFLVHZDVQRW ? ? ?
VWDWLVWLFDOO\ VLJQLILFDQW )LJXUH  7RJHWKHU WKHVH GDWD VXJJHVW WKDW D KLJKHU EDVHOLQH '/&2 ? ? ?
'P&2 DQG9& DVZHOODVD ODUJHU LQFUHDVH WKHVHYDOXHV LQ UHVSRQVH WRH[HUFLVHDUHDVVRFLDWHG ? ? ?
ZLWKJUHDWHUPD[LPDODHURELFFDSDFLW\LQ\RXQJDQGROGHUDGXOWVUHJDUGOHVVRIFDUGLRSXOPRQDU\ ? ? ?
ILWQHVVOHYHO ? ? ?
 ? ? ?
',6&866,21 ? ? ?
0DMRU)LQGLQJVFRPSDULVRQWRSUHYLRXVILQGLQJV ? ? ?
,QWKHSUHVHQWVWXG\ZHFKDUDFWHUL]HGWKHOXQJGLIIXVLQJFDSDFLW\IRUFDUERQPRQR[LGH'/&2 ? ? ?
DOYHRODUFDSLOODU\PHPEUDQHFRQGXFWDQFH'P&2DQGSXOPRQDU\FDSLOODU\EORRGYROXPH9& ? ? ?
UHVSRQVH WR GLVFRQWLQXRXV LQFUHPHQWDO H[HUFLVH LQ KHDOWK\ DHURELFDOO\WUDLQHG ROGHU DGXOWV ? ? ?
UHODWLYH WR WKHLU DJHPDWFKHG OHVV ILW FRXQWHUSDUWV DV ZHOO DV \RXQJHU DGXOWV :H K\SRWKHVL]HG ? ? ?
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

WKDW KHDOWK\ ROGHU DGXOWV a \HDUV ROG ZLWK D KLJK FDUGLRUHVSLUDWRU\ ILWQHVV OHYHO 9%c2PD[ ? ? ?
aRIDJHSUHGLFWHGZRXOGHQFURDFKXSRQ WKHLUPD[LPDODELOLW\ WRH[SDQG WKHSXOPRQDU\ ? ? ?
FDSLOODU\QHWZRUNGXULQJVHYHUHF\FOHH[HUFLVHDVHYLGHQFHGE\DOLPLWLQ'/&2'P&2DQG9& ? ? ?
QHDU PD[LPDO HQGH[HUFLVH 7KH PDLQ ILQGLQJV ZHUH  KHDOWK\ DJLQJ ZDV DVVRFLDWHG ZLWK D ? ? ?
GHFUHDVHLQ'/&2'P&2DQG9&DWUHVWDQGGXULQJQHDUPD[LPDOH[HUFLVH7DEOHEHWWHU ? ? ?
PDLQWDLQHGFDUGLRUHVSLUDWRU\ILWQHVVZDVDVVRFLDWHGZLWKJUHDWHU'/&2'P&2DQG9&GXULQJQHDU ? ? ?
PD[LPDOH[HUFLVHLQROGHUDGXOWV7DEOHWKHUHZDVQRSODWHDXLHDOLPLWDWLRQLQWKH'/&2 ? ? ?
9FDQG'P&2UHVSRQVHWRH[HUFLVHLQDQ\VXEMHFWJURXSUHJDUGOHVVRIDJHRUFDUGLRUHVSLUDWRU\ILWQHVV ? ? ?
OHYHO )LJXUH WKURXJKRXWH[HUFLVH'/&2'P&2 DQG9&ZHUHV\VWHPDWLFDOO\ ORZHU LQROGHU ? ? ?
LQGLYLGXDOV UHJDUGOHVV RI ILWQHVV DQG '/&2 ZDV V\VWHPDWLFDOO\ KLJKHU ZLWK PDLQWDLQHG ? ? ?
FDUGLRUHVSLUDWRU\ILWQHVVUHJDUGOHVVRIDJHDQGWKHVORSHRUUDWHRIULVHRIWKH'/&24%c'P&24%c ? ? ?
DQG9&4%cUHODWLRQVKLSIURPUHVWWRHQGH[HUFLVHZDVQRWGLIIHUHQWEHWZHHQVXEMHFWVUHJDUGOHVVRIDJH ? ? ?
RUFDUGLRUHVSLUDWRU\ILWQHVVOHYHO)LJXUH ? ? ?
 ? ? ?
2XU ILQGLQJV DUH FRQILUPDWRU\ WKDW KHDOWK\ DJLQJ LV DVVRFLDWHG ZLWK D SURJUHVVLYH GHFOLQH LQ ? ? ?
UHVWLQJ '/&2.)RU H[DPSOH*XpQDUGDQG0DUWKDQGHPRQVWUDWHG WKDW ? ? ?
ERWK'/&2DQG'/&2UHODWLYHWRPLQXWHYHQWLODWLRQ'/&29%c(DUHQHJDWLYHO\FRUUHODWHGZLWK ? ? ?
DJHDFFRUGLQJWRWKHHTXDWLRQV'/&2 ±îDJHDQG'/&29%c( ±îDJH ? ? ?
UHVSHFWLYHO\./LNHO\FRQWULEXWRUVWRWKLVDJHUHODWHGUHGXFWLRQLQ'/&2DUHDGHFUHDVHLQWKH ? ? ?
QXPEHURIFDSLOODULHVSHUIXVLQJWKHOXQJVZLWKDUHGXFWLRQLQ9FDVZHOODVDGHFUHDVH ? ? ?
LQDOYHRODUVXUIDFHDUHDZLWKDFRQVHTXHQWUHGXFWLRQLQPHPEUDQHGLIIXVLQJFDSDFLW\. 2XU ? ? ?
ILQGLQJVDUHDOVR LQDJUHHPHQWZLWKSUHYLRXVUHSRUWV WKDWH[HUFLVH LVDVVRFLDWHGZLWKDPDUNHG ? ? ?
PRVWO\OLQHDULQFUHDVHLQ'/&29FDQG'P&2LQKHDOWK\DGXOWV. 7KLVLQFUHDVH ? ? ?
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

DW OHDVW LQ SDUW UHIOHFWV H[SDQVLRQ RI WKH KLJKO\ FRPSOLDQW SXOPRQDU\ FDSLOODU\ QHWZRUN ? ? ?
VHFRQGDU\WRWKHHOHYDWLRQLQ4%cDQGSXOPRQDU\SHUIXVLRQSUHVVXUHWKDWRFFXUVZLWKH[HUFLVH ? ? ?
 ? ? ?
7RGDWHKRZHYHUWKHUHLVDUHODWLYHSDXFLW\RIGDWDUHJDUGLQJWKHHIIHFWRIKHDOWK\DJLQJRQWKH ? ? ?
OXQJGLIIXVLQJFDSDFLW\UHVSRQVHWRH[HUFLVH,QDOLPLWHGQXPEHURIVXEMHFWVn  RIDEURDG ? ? ?
DJH UDQJH  WR  \HDUV 7DPKDQH HW DO UHSRUWHG WKDW '/&2 'P&2 DQG OXQJ GLIIXVLQJ ? ? ?
FDSDFLW\ IRUQLWULFR[LGH '/12 LQFUHDVHG OLQHDUO\ZLWK4%cIURPUHVW WRH[HUFLVH UHJDUGOHVVRI ? ? ?
DJH  +RZHYHU ZKLOH WKH DXWKRUV IRXQG WKDW DJH ZDV D VLJQLILFDQW GHWHUPLQDQW RI resting  ? ? ?
'/12QRVXFKDQDO\VLVZDVGRQHH[DPLQLQJWKHLQIOXHQFHRIDJHRQWKHOXQJGLIIXVLQJFDSDFLW\ ? ? ?
UHVSRQVHWRexercise$GGLWLRQDOO\ZHDUHXQDZDUHRIDQ\SUHYLRXVVWXG\WKDWKDVH[DPLQHGWKH ? ? ?
LQIOXHQFHRIKHDOWK\DJLQJplus PDLQWDLQHGFDUGLRUHVSLUDWRU\ ILWQHVVRQ OXQJGLIIXVLQJFDSDFLW\ ? ? ?
GXULQJ H[HUFLVH ,Q FRPELQDWLRQ WKH SUHVHQW ILQGLQJV VXJJHVW WKDW GHVSLWH WKH DJHDVVRFLDWHG ? ? ?
GHWHULRUDWLRQ LQ WKH VWUXFWXUH DQG IXQFWLRQ RI WKH SXOPRQDU\ FLUFXODWLRQ H[SDQVLRQ RI WKH ? ? ?
SXOPRQDU\FDSLOODU\QHWZRUNGRHVQRWEHFRPHOLPLWHGGXULQJVHYHUHH[HUFLVHLHWKHUHLVVWLOOD ? ? ?
UHVHUYH WR UHFUXLW WKH SXOPRQDU\ YDVFXODWXUH LQ KHDOWK\ LQGLYLGXDOV UHJDUGOHVV RI DJH RU ? ? ?
FDUGLRUHVSLUDWRU\ ILWQHVV OHYHO ,Q DGGLWLRQ ZH VXJJHVW WKDW PD[LPDO R[\JHQ FRQVXPSWLRQ ? ? ?
9ܝPD[LVSRVLWLYHO\UHODWHG'/&2'P&2DQG9&ERWKDWUHVWDQGLQUHVSRQVHWRH[HUFLVHDFURVV ? ? ?
DOODJHVDQGFDUGLRUHVSLUDWRU\ILWQHVVOHYHOV ? ? ?
 ? ? ?
/XQJ'LIIXVLQJ&DSDFLW\5HVSRQVHWR([HUFLVHHIIHFWRIDJHDQGFDUGLRUHVSLUDWRU\ILWQHVV ? ? ?
([HUFLVHLVDVVRFLDWHGZLWKDQLQFUHDVHLQFDUGLDFRXWSXWDQGSXOPRQDU\SHUIXVLRQSUHVVXUHWKDW ? ? ?
FDXVHV ERWK UHFUXLWPHQW RI XQGHUSHUIXVHG SXOPRQDU\ FDSLOODULHV DQG GLVWHQVLRQ RI DOUHDG\ ? ? ?
SHUIXVHGSXOPRQDU\EORRGYHVVHOVDVHYLGHQFHGE\DQLQFUHDVHLQ'/&2'P&2DQG9& ? ? ?
7KHUHVXOWLQJLQFUHDVHLQSXOPRQDU\EORRGIORZDQGPDUNHGH[SDQVLRQRIWKHKLJKO\ ? ? ?
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

FRPSOLDQWSXOPRQDU\YDVFXODWXUHDFWVWRLQFUHDVHWKHDOYHRODUFDSLOODU\VXUIDFHDUHDDYDLODEOHIRU ? ? ?
HIIHFWLYHJDVH[FKDQJH ? ? ?
 ? ? ?
+HDOWK\DJLQJLVDVVRFLDWHGZLWKDGHWHULRUDWLRQ LQ WKHVWUXFWXUHDQGIXQFWLRQRI WKHSXOPRQDU\ ? ? ?
YDVFXODWXUH WKDW LV FKDUDFWHUL]HG E\ DQ LQFUHDVH LQ SXOPRQDU\ YDVFXODU VWLIIQHVV SXOPRQDU\ ? ? ?
YDVFXODU SUHVVXUHV DQG SXOPRQDU\ YDVFXODU UHVLVWDQFH    DV ZHOO DV UHGXFWLRQV LQ ? ? ?
UHVWLQJ9&DQG'P&2,WKDVEHHQVKRZQKRZHYHUWKDWGHVSLWHWKHVHDJHUHODWHG ? ? ?
FKDQJHV'/&2GRHVQRWEHFRPHOLPLWHGGXULQJKHDY\WRPD[LPDOH[HUFLVHLQWKHROGHUDGXOWRI ? ? ?
DYHUDJH FDUGLRUHVSLUDWRU\ ILWQHVV  7KLV LV OLNHO\ EHFDXVH WKH DJHDVVRFLDWHG GHFOLQH LQ WKH ? ? ?
PD[LPDO PHWDEROLF GHPDQG RI H[HUFLVH RFFXUV DW UDWH HTXDO WR RU JUHDWHU WKDQ WKH GHOHWHULRXV ? ? ?
FKDQJHVLQWKHSXOPRQDU\FLUFXODWLRQ+RZHYHULWLVFRQFHLYDEOHWKDWKHDOWK\ROGHU ? ? ?
LQGLYLGXDOV ZKR KDYH PDLQWDLQHG FDUGLRUHVSLUDWRU\ ILWQHVV DQG WKXV PHWDEROLF GHPDQG DW DQ ? ? ?
H[FHHGLQJO\KLJK OHYHOPD\H[SHULHQFHD OLPLW LQ WKHFDSDFLW\RI WKHSXOPRQDU\YDVFXODWXUH WR ? ? ?
H[SDQGUHODWLYHWRWKHGHPDQGIRUSXOPRQDU\EORRGIORZGXULQJH[HUFLVH ? ? ?
 ? ? ?
,Q WKH SUHVHQW VWXG\ ZH IRXQG WKDW '/&2 'P&2 DQG 9& LQFUHDVHG VWHDGLO\ ZLWK LQFUHDVLQJ ? ? ?
FDUGLDF RXWSXW 4%c ZLWK QR HYLGHQFH RI D SODWHDX LQ WKHVH YDULDEOHV LQ ERWK \RXQJ DQG ROG ? ? ?
VXEMHFWV UHJDUGOHVV RI FDUGLRUHVSLUDWRU\ ILWQHVV OHYHO )LJXUH  0RUHRYHU WKH VORSH RI WKH ? ? ?
'/&24%c'P&24%cDQG9&4%cUHODWLRQVKLSIURPUHVWWRHQGH[HUFLVHZDVQRWGLIIHUHQWEHWZHHQ ? ? ?
<RXQJ <RXQJ +LJKO\)LW 2OG DQG 2OG +LJKO\)LW VXEMHFWV )LJXUH  7KLV VXJJHVWV WKDW WKH ? ? ?
UHFUXLWPHQW DQGRU GLVWHQVLRQ RI WKH SXOPRQDU\ FDSLOODULHV DQG WKXV H[SDQVLRQ RI DOYHRODU ? ? ?
FDSLOODU\ VXUIDFHDUHD UHPDLQDGHTXDWH IRU WKHPHWDEROLFGHPDQGRI H[HUFLVH UHJDUGOHVVRI DJH ? ? ?
DQGFDUGLRUHVSLUDWRU\ILWQHVVOHYHO,QDJUHHPHQWZLWKSUHYLRXVILQGLQJV'/&2'P&2DQG9& ? ? ?
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
DW UHVW DQG GXULQJ H[HUFLVH ZHUH GHFUHDVHG ZLWK DGYDQFHG DJH        ? ? ?
,QWHUHVWLQJO\ KRZHYHU ZH DOVR IRXQG WKDW '/&2 'P&2 DQG 9& ZHUH JUHDWHU GXULQJ QHDU ? ? ?
PD[LPDOH[HUFLVHLQKLJKO\ILWROGHULQGLYLGXDOVFRPSDUHGWRWKHLUOHVVILWFRXQWHUSDUWV)LJXUH ? ? ?
$GGLWLRQDOO\ UHJDUGOHVV RI DJH PDLQWDLQHG FDUGLRUHVSLUDWRU\ ILWQHVV ZDV DVVRFLDWHG ZLWK D ? ? ?
VLJQLILFDQWO\JUHDWHU'/&2IURPUHVWWKURXJKWRPD[LPDOH[HUFLVH ? ? ?
 ? ? ?
,W KDV EHHQ VXJJHVWHG SUHYLRXVO\ WKDW H[HUFLVH WUDLQLQJ KDV QR HIIHFW RQ '/&2 DQG LWV ? ? ?
FRPSRQHQWVSDUWV)RUH[DPSOH5HXVFKOHLQHWDOUHSRUWHGQRFKDQJHLQ'/&2RU9FDW ? ? ?
UHVW DQG GXULQJ VXEPD[LPDO H[HUFLVH IURP EHIRUH WR DIWHU  PRQWKV RI FRPELQHG VWUHQJWK DQG ? ? ?
HQGXUDQFHWUDLQLQJ%\FRQWUDVWLWKDVEHHQVKRZQWKDWFDUGLDFDQGJUHDWYHVVHOIXQFWLRQLV ? ? ?
EHWWHULQROGHUKDELWXDOO\DFWLYHILWDGXOWVUHODWLYHWRWKHLUPRUHVHGHQWDU\FRXQWHUSDUWV,QGHHG ? ? ?
$UEDE=DGHK HW DO UHSRUWHG WKDW SURORQJHG VXVWDLQHG HQGXUDQFH WUDLQLQJ LPSURYHV VWURNH ? ? ?
YROXPHIRUDJLYLQJILOOLQJSUHVVXUHDQGSUHVHUYHVOHIWYHQWULFXODUFRPSOLDQFHLQDJHGDGXOWVVXFK ? ? ?
WKDW WKH FDSLOODU\ ZHGJH SUHVVXUH/9 HQG GLDVWROLF YROXPH FXUYH LQ 0DVWHUV DWKOHWHV ZDV ? ? ?
LQGLVWLQJXLVKDEOHIURPWKDWRI\RXQJVHGHQWDU\FRQWUROVXEMHFWV,QDGGLWLRQFHQWUDODUWHULDO ? ? ?
FRPSOLDQFHLVJUHDWHULQHQGXUDQFHWUDLQHGPLGGOHDJHGDQGROGHUPHQFRPSDUHGWRWKHLU ? ? ?
OHVV DFWLYH DJH PDWFKHG FRXQWHUSDUWV  )XUWKHUPRUH  PRQWKV RI DHURELF H[HUFLVH WUDLQLQJ ? ? ?
LQFUHDVHVFHQWUDODUWHULDOFRPSOLDQFHaLQPLGGOHDJHGPHQa\HDUVWRDOHYHOVLPLODUWR ? ? ?
WKDW REVHUYHG LQ ROGHU HQGXUDQFHWUDLQHG PHQ  SRVVLEO\ GXH WR PRGLILHG FURVVOLQNLQJ RI ? ? ?
³VWUHWFKHG´ FROODJHQ ILEUHV DQGRU D UHGXFWLRQ LQ WKH FKURQLF VXSSUHVVLYH LQIOXHQFH H[HUWHG E\ ? ? ?
V\PSDWKHWLF DGUHQHUJLF WRQH 7KHRUHWLFDOO\ LW LVHQWLUHO\SRVVLEOH WKDWKDELWXDOSK\VLFDO ? ? ?
DFWLYLW\PD\DOVREHWWHUSUHVHUYHWKHIXQFWLRQRIWKHSXOPRQDU\FLUFXODWLRQDWWHQXDWLQJWKHDJH ? ? ?
UHODWHG GHFOLQH LQ SXOPRQDU\ YDVFXODU GLVWHQVLELOLW\  DQG FRPSOLDQFH DOORZLQJ IRU JUHDWHU ? ? ?
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

H[SDQVLRQ RI WKH SXOPRQDU\ FDSLOODU\ QHWZRUN ZLWK LQFUHDVLQJ FDUGLDF RXWSXW DQG WKXV ? ? ?
IDFLOLWDWLQJDJUHDWHU'/&2'P&2DQG9& UHVSRQVH WRH[HUFLVH LQKLJKO\ILWROGHU LQGLYLGXDOV ? ? ?
FRPSDUHG WR WKHLU OHVV ILW FRXQWHUSDUWV +RZHYHU ZKHWKHU SUHVHUYDWLRQ RI FDUGLRUHVSLUDWRU\ ? ? ?
ILWQHVV GRHV LQGHHG µSURWHFW¶ DJDLQVW WKH DJHUHODWHG GHWHULRUDWLRQ RI WKH SXOPRQDU\ FLUFXODWLRQ ? ? ?
FDQQRWEHGHGXFHGIURPWKHSUHVHQWILQGLQJVDQGDVVXFKUHPDLQVSXUHO\VSHFXODWLYH ? ? ?
 ? ? ?
([SDQVLRQ RI WKH 3XOPRQDU\ &DSLOODU\ 1HWZRUN GXULQJ ([HUFLVH 5HFUXLWPHQW YV ? ? ?
'LVWHQVLRQ ? ? ?
7KHPHFKDQLVPE\ZKLFKWKHSXOPRQDU\YDVFXODWXUHH[SDQGVWRDFFHSWLQFUHDVHGEORRGIORZDQG ? ? ?
LQFUHDVHHIIHFWLYHDOYHRODUFDSLOODU\VXUIDFHDUHDGXULQJH[HUFLVHLVDOVRRILQWHUHVW,QWKHKHDOWK\ ? ? ?
SXOPRQDU\ FLUFXODWLRQ YHVVHO GLVWHQVLELOLW\ LV ODUJHO\ LQGHSHQGHQW RI YHVVHO VL]H ORFDWLRQ DQG ? ? ?
DQLPDOVSHFLHVEXWDSSHDUVWREHORZHULQROGHUDGXOWVUHODWLYHWRWKHLU\RXQJHUFRXQWHUSDUWV ? ? ?
$VVHVVLQJ WKHFKDQJH LQ WKH UDWLREHWZHHQ'/12DQG'/&2GXULQJH[HUFLVHPD\DOORZ ? ? ?
LQVLJKWLQWRZKHWKHUSXOPRQDU\YDVFXODUYROXPHLQFUHDVHVGXHWRUHFUXLWPHQWRUGLVWHQVLRQRIWKH ? ? ?
SXOPRQDU\FDSLOODULHV6SHFLILFDOO\DIDOOLQWKH'/12'/&2UDWLRZLWKH[HUFLVHLV ? ? ?
WKRXJKW WR LQGLFDWH D GLVSURSRUWLRQDWH ULVH LQ 9& UHODWLYH WR 'P&2 ZKLFK LQ WXUQ VXJJHVWV ? ? ?
SUHGRPLQDQW SXOPRQDU\ FDSLOODU\ GLVWHQVLRQ RYHU UHFUXLWPHQW  ,Q WKH SUHVHQW VWXG\ DOO ? ? ?
JURXSV ZLWK WKH H[FHSWLRQ RI WKH <RXQJ +LJKO\)LW P    GHPRQVWUDWHG D VLJQLILFDQW ? ? ?
UHGXFWLRQLQWKH'/12'/&2UDWLRIURPUHVWWRHQGH[HUFLVH)LJXUH7KLVILQGLQJVXJJHVWV ? ? ?
WKDW GHVSLWH WKHSUHYLRXVO\ UHSRUWHGGHFD\ LQSXOPRQDU\YDVFXODUGLVWHQVLELOLW\ DVVRFLDWHGZLWK ? ? ?
KHDOWK\DJLQJLQFUHDVHGEORRGIORZWKURXJKWKHSXOPRQDU\FLUFXODWLRQGXULQJH[HUFLVHLVDWOHDVW ? ? ?
SDUWLDOO\DFKLHYHGYLDGLVWHQVLRQRIWKHSXOPRQDU\FDSLOODULHVLQROGDVZHOODV\RXQJLQGLYLGXDOV ? ? ?
 ? ? ?
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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
5HODWLRQVKLSEHWZHHQ/XQJ'LIIXVLQJ&DSDFLW\5HVSRQVHWR([HUFLVHDQG9%c2PD[ ? ? ?
7KHLPSRUWDQFHRISXOPRQDU\YDVFXODUKHPRG\QDPLFVLQGHWHUPLQLQJ9%c2PD[LQERWKKHDOWKDQG ? ? ?
GLVHDVH LV ZHOO NQRZQ   )XMLL HW DO UHSRUWHG WKDW VORSH RI WKH PHDQ SXOPRQDU\ DUWHU\ ? ? ?
SUHVVXUHWRFDUGLDFRXWSXWUHODWLRQVKLSZDVQHJDWLYHO\FRUUHODWHGZLWK9%c2PD[LQ&23'SDWLHQWV ? ? ?
7KDW LVDPRUHFRPSOLDQWSXOPRQDU\YDVFXODWXUHRURQH WKDWH[SHULHQFHV ORZHUYDVFXODU ? ? ?
SUHVVXUHVDOORZVIRUJUHDWHUPD[LPDODHURELFFDSDFLW\LQKHDOWK\LQGLYLGXDOVDVZHOODVGLVHDVHG ? ? ?
SDWLHQWV ? ? ?
 ? ? ?
,Q WKLV VWXG\ ZH GLG QRW H[DPLQH SXOPRQDU\ YDVFXODU SUHVVXUHV LQ UHVSRQVH WR H[HUFLVH ? ? ?
&RQFHSWXDOO\ KRZHYHU D JUHDWHU LQFUHDVH OXQJGLIIXVLQJ FDSDFLW\ UHODWLYH WR FDUGLDF RXWSXW LQ ? ? ?
UHVSRQVH WR H[HUFLVH FRXOG EH LQGLFDWLYH RI D JUHDWHU DELOLW\ RI WKH SXOPRQDU\ YDVFXODWXUH WR ? ? ?
H[SDQG DQG DFFHSW WKH LQFUHDVH LQ SXOPRQDU\ EORRG IORZ ZKLOVW PLQLPL]LQJ WKH LQFUHDVH LQ ? ? ?
SXOPRQDU\ YDVFXODU SUHVVXUH 7KDW LV LW LV FRQFHLYDEOH WKDW D VWHHSHU '/&24%c VORSH GXULQJ ? ? ?
H[HUFLVHLVUHIOHFWLYHRIDPRUHFRPSOLDQWSXOPRQDU\YDVFXODUQHWZRUN,QVXSSRUWRIWKLVQRWLRQ ? ? ?
ZH IRXQG WKDW '/&24%c ZDV SRVLWLYHO\ FRUUHODWHG WR 9%c2PD[ DFURVV DOO VXEMHFWV )LJXUH  ,Q ? ? ?
DGGLWLRQ UHVWLQJ YDOXHV RI '/&2 'P&2 DQG 9& DV ZHOO DV WKH DEVROXWH FKDQJH LQ WKHVH ? ? ?
YDULDEOHVIURPUHVWWRPD[LPDOH[HUFLVHDUHSRVLWLYHO\FRUUHODWHGZLWK9%c2PD[DFURVVDOOVXEMHFWV ? ? ?
)LJXUHVDQG7KDWH[SDQVLRQRIWKHSXOPRQDU\YDVFXODWXUHDSSHDUVQRWWRUHDFKDPD[LPXP ? ? ?
GXULQJH[HUFLVH)LJXUHOLNHO\VHUYHVWRDOORZDQLQFUHDVHLQWKHDOYHRODUFDSLOODU\VXUIDFHDUHD ? ? ?
IRUHIIHFWLYHJDVH[FKDQJHZKLOVWPLQLPL]LQJWKHH[HUFLVHLQGXFHGLQFUHDVHLQSXOPRQDU\DUWHULDO ? ? ?
SUHVVXUH SXOPRQDU\ YDVFXODU UHVLVWDQFH DQG ULJKWYHQWULFXODU DIWHUORDG DQG WKXV DOORZLQJ D ? ? ?
JUHDWHUPD[LPXPFDUGLDFRXWSXWDQGPD[LPXPR[\JHQFRQVXPSWLRQLQKHDOWK\DGXOWVUHJDUGOHVV ? ? ?
RIDJHDQGFDUGLRUHVSLUDWRU\ILWQHVV ? ? ?
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 ? ? ?
7HFKQLFDO&RQVLGHUDWLRQV ? ? ?
Effect of acetylene solubility upon calculation of cardiac output  ? ? ?
$ FRQFHUQ ZLWK WKH XVH RI DFHW\OHQH XSWDNH LQ WKH QRQLQYDVLYH GHWHUPLQDWLRQ RI 4%c LV WKDW DQ ? ? ?
DVVXPSWLRQ UDWKHU WKDQGLUHFWDVVHVVPHQWRIDFHW\OHQHVROXELOLW\ Ȝ LQ LQGLYLGXDOVXEMHFWVFDQ ? ? ?
UHVXOWLQFRQVLGHUDEOHHUURULQWKHPHDVXUHPHQWRI4%c)RUH[DPSOH%DUNHUHWDOVXJJHVWHGWKDW ? ? ?
IDLOXUHWRDFFRXQWIRULQWHUVXEMHFWYDULDELOLW\LQȜFDQOHDGWRVXEVWDQWLDOXQGHUHVWLPDWLRQXSWR ? ? ?
RURYHUHVWLPDWLRQXSWRRI4%cLQ\RXQJKHDOWK\DGXOWV,QWKHSUHVHQWVWXG\ZH ? ? ?
GLG QRW PHDVXUH DQG VXEVHTXHQWO\ DFFRXQW IRU EHWZHHQVXEMHFW GLIIHUHQFHV LQ Ȝ XSRQ WKH ? ? ?
FDOFXODWLRQRI4%c+RZHYHUZKLOHDQ\VXFKHUURUPD\KDYHQHJDWLYHO\LPSDFWHGWKHaccuracy RI ? ? ?
RXUPHDVXUHRI4%cZHDUHDEOH WRGHPRQVWUDWHJRRGZLWKLQVHVVLRQZLWKLQVXEMHFWreliability RI ? ? ?
RXU DFHW\OHQH GHULYHG 4%c PHDVXUH DW UHVW &9 FRHIILFLHQW RI YDULDWLRQ    7KLV LV ? ? ?
FRPSDUDEOH ZLWK WKH &9 UHSRUWHG SUHYLRXVO\ E\ RXU JURXS IRU RSHQFLUFXLW DFHW\OHQH ZDVKLQ ? ? ?
HVWLPDWHG 4%c  ,Q DGGLWLRQ DOWKRXJK QRW DVVHVVHG LQ WKH SUHVHQW VWXG\ LW LV OLNHO\ WKDW WKH ? ? ?
YDULDELOLW\ LQ RXUPHDVXUHRI4%c improved to aGXULQJ H[HUFLVH $V VXFKEDVHGRQ WKH ? ? ?
UHODWLYHO\ ORZ &9 LH JRRG UHSURGXFLELOLW\ DORQJ ZLWK WKH UHSHDWHG PHDVXUHV GHVLJQ RI RXU ? ? ?
VWXG\ZHDUHFRQILGHQWWKDWRXUILQGLQJVDUHQRWJUHDWO\DIIHFWHGE\DQ\XQGHUO\LQJYDULDELOLW\LQ ? ? ?
ȜEHWZHHQLQGLYLGXDOVXEMHFWV ? ? ?
 ? ? ?
&21&/86,21 ? ? ?
,Q FRQFOXVLRQ '/&2 'P&2 DQG 9& DUH GHFUHDVHG ZLWK DJH DQG LQFUHDVHG ZLWK JUHDWHU ? ? ?
FDUGLRUHVSLUDWRU\ ILWQHVV LQ ROGHU LQGLYLGXDOV QHDU PD[LPDO H[HUFLVH ,QWHUHVWLQJO\ WKHUH LV D ? ? ?
V\VWHPDWLF LQFUHDVH LQ '/&2 WKURXJKRXW H[HUFLVH ZLWK PDLQWDLQHG FDUGLRUHVSLUDWRU\ ILWQHVV ? ? ?
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
UHJDUGOHVV RI DJH 2OGHU KLJKO\ ILW LQGLYLGXDOV GR QRW DSSHDU WR HQFURDFK XSRQ D SXOPRQDU\ ? ? ?
YDVFXODUOLPLWDQGH[SDQVLRQRIWKHSXOPRQDU\FDSLOODU\QHWZRUNLVDEOHWRDGHTXDWHO\LQFUHDVH ? ? ?
'/&2 'P&2 DQG 9& HYHQ GXULQJ KHDY\ H[HUFLVH )XUWKHUPRUH WKH UHVSRQVH LH UDWH RI ? ? ?
LQFUHDVH RI '/&2 'P&2 DQG 9& WR H[HUFLVH LV QRW DOWHUHG E\ DJH DQGRU FDUGLRUHVSLUDWRU\ ? ? ?
ILWQHVV OHYHO )XWXUH VWXGLHV VKRXOG LQFRUSRUDWH PHDVXUHV RI SXOPRQDU\ YDVFXODU SUHVVXUHV LQ ? ? ?
RUGHU WR HOXFLGDWH WKH UHODWLRQVKLS EHWZHHQ LQFUHDVHV LQ OXQJ GLIIXVLQJ FDSDFLW\ DQG WKH ? ? ?
SXOPRQDU\YDVFXODUUHVSRQVHWRH[HUFLVH ? ? ?
 ? ? ?
$&.12:/('*(0(176 ? ? ?
7KHDXWKRUVZRXOG OLNH WRDFNQRZOHGJH-RVK2¶0DOOH\IRUKLVZRUNDVD UHVHDUFK WHFKQRORJLVW ? ? ?
GXULQJ WKHVH VWXGLHV .(& LV VXSSRUWHG E\ 0D\R *UDGXDWH 6FKRRO DQG 1DWLRQDO +HDUW /XQJ ? ? ?
$QG %ORRG ,QVWLWXWH RI WKH 1DWLRQDO ,QVWLWXWHV RI +HDOWK 1,+ JUDQW )+/ %-7 LV ? ? ?
VXSSRUWHGE\$PHULFDQ+HDUW$VVRFLDWLRQJUDQW$+$32677KLVVWXG\ZDVIXQGHG ? ? ?
E\ 1,+ JUDQW +/ ? ? ?
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 ? ? ?
5()(5(1&(6 ? ? ?
 ? ? ?
 $O'DQGDFKL*/RQGQHU&&DXPRQW3ULP$3ODQWLHU/&KHYDOLHU%LGDXG% ? ? ?
7RXVVDLQW-)'HVJRUFHV)'DQG'HOFODX[&$JHLQJDQGHQGXUDQFHWUDLQLQJHIIHFWVRQ ? ? ?
TXDQWLW\DQGTXDOLW\RISXOPRQDU\YDVFXODUEHGLQKHDOWK\PHQRespir Res  ? ? ?
 $UEDE=DGHK$'LMN(3UDVDG$)X47RUUHV3=KDQJ57KRPDV-'3DOPHU ? ? ?
'DQG/HYLQH%'(IIHFWRIDJLQJDQGSK\VLFDODFWLYLW\RQOHIWYHQWULFXODUFRPSOLDQFH ? ? ?
Circulation  ? ? ?
 %DUNHU5&+RSNLQV65.HOORJJ12OIHUW,0%UXWVDHUW7'*DYLQ73(QWLQ3/ ? ? ?
5LFH$-DQG:DJQHU3'0HDVXUHPHQWRIFDUGLDFRXWSXWGXULQJH[HUFLVHE\RSHQFLUFXLW ? ? ?
DFHW\OHQHXSWDNHJ Appl Physiol (1985)  ? ? ?
 %UXHO$2UWRIW*DQG2[OXQG+,QKLELWLRQRIFURVVOLQNVLQFROODJHQLVDVVRFLDWHG ? ? ?
ZLWKUHGXFHGVWLIIQHVVRIWKHDRUWDLQ\RXQJUDWVAtherosclerosis  ? ? ?
 &HULGRQ0/%HFN.&2OVRQ73%LOH]LNLDQ-$DQG-RKQVRQ%'&DOFXODWLQJ ? ? ?
DOYHRODUFDSLOODU\FRQGXFWDQFHDQGSXOPRQDU\FDSLOODU\EORRGYROXPHFRPSDULQJWKHPXOWLSOH ? ? ?
DQGVLQJOHLQVSLUHGR[\JHQWHQVLRQPHWKRGVJ Appl Physiol (1985)  ? ? ?
 &KDQJ6&&KDQJ+,/LX6<6KLDR*0DQG3HUQJ53(IIHFWVRIERG\SRVLWLRQDQG ? ? ?
DJHRQPHPEUDQHGLIIXVLQJFDSDFLW\DQGSXOPRQDU\FDSLOODU\EORRGYROXPHChest  ? ? ?
 ? ? ?
 &UDSR520RUULV$+DQG*DUGQHU505HIHUHQFHYDOXHVIRUSXOPRQDU\WLVVXH ? ? ?
YROXPHPHPEUDQHGLIIXVLQJFDSDFLW\DQGSXOPRQDU\FDSLOODU\EORRGYROXPHBull Eur  ? ? ?
Physiopathol Respir  ? ? ?
 'HPSVH\-$*OHGKLOO15HGGDQ:*)RUVWHU+9+DQVRQ3*DQG&ODUHPRQW$' ? ? ?
3XOPRQDU\DGDSWDWLRQWRH[HUFLVHHIIHFWVRIH[HUFLVHW\SHDQGGXUDWLRQFKURQLFK\SR[LDDQG ? ? ?
SK\VLFDOWUDLQLQJAnn N Y Acad Sci  ? ? ?
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
 (KUVDP5(3HUUXFKRXG$2EHUKRO]HU0%XUNDUW)DQG+HU]RJ+,QIOXHQFHRI ? ? ?
DJHRQSXOPRQDU\KDHPRG\QDPLFVDWUHVWDQGGXULQJVXSLQHH[HUFLVHClin Sci (Lond)  ? ? ?
 ? ? ?
 )XMLL7.XULKDUD1)XMLPRWR6+LUDWD.DQG<RVKLNDZD-5ROHRISXOPRQDU\ ? ? ?
YDVFXODUGLVRUGHULQGHWHUPLQLQJH[HUFLVHFDSDFLW\LQSDWLHQWVZLWKVHYHUHFKURQLFREVWUXFWLYH ? ? ?
SXOPRQDU\GLVHDVHClin Physiol  ? ? ?
 *DUFLD5LR)'RUJKDP$*DOHUD5&DVLWDV50DUWLQH]($OYDUH]6DOD5DQG ? ? ?
3LQR-03UHGLFWLRQHTXDWLRQVIRUVLQJOHEUHDWKGLIIXVLQJFDSDFLW\LQVXEMHFWVDJHGWR ? ? ?
\HDUVChest  ? ? ?
 *HRUJHV56DXPRQ*DQG/RLVHDX$7KHUHODWLRQVKLSRIDJHWRSXOPRQDU\PHPEUDQH ? ? ?
FRQGXFWDQFHDQGFDSLOODU\EORRGYROXPHAm Rev Respir Dis  ? ? ?
 *OHQHW61'H%LVVFKRS&9DUJDV)DQG*XHQDUG+-'HFLSKHULQJWKHQLWULFR[LGHWR ? ? ?
FDUERQPRQR[LGHOXQJWUDQVIHUUDWLRSK\VLRORJLFDOLPSOLFDWLRQVJ Physiol  ? ? ?
 *ROGVSLQN')$JHLQJDQGDFWLYLW\WKHLUHIIHFWVRQWKHIXQFWLRQDOUHVHUYHFDSDFLWLHVRI ? ? ?
WKHKHDUWDQGYDVFXODUVPRRWKDQGVNHOHWDOPXVFOHVErgonomics  ? ? ?
 *XHQDUG+DQG0DUWKDQ53XOPRQDU\JDVH[FKDQJHLQHOGHUO\VXEMHFWVEur Respir J  ? ? ?
 ? ? ?
 +VLD&&0F%UD\HU'*DQG5DPDQDWKDQ05HIHUHQFHYDOXHVRISXOPRQDU\ ? ? ?
GLIIXVLQJFDSDFLW\GXULQJH[HUFLVHE\DUHEUHDWKLQJWHFKQLTXHAm J Respir Crit Care Med  ? ? ?
 ? ? ?
 -RKQVRQ%'%HFN.&3URFWRU'10LOOHU-'LHW]10DQG-R\QHU0-&DUGLDF ? ? ?
RXWSXWGXULQJH[HUFLVHE\WKHRSHQFLUFXLWDFHW\OHQHZDVKLQPHWKRGFRPSDULVRQZLWKGLUHFW ? ? ?
)LFNJ Appl Physiol (1985)  ? ? ?
 -RKQVRQ5/-U6SLFHU:6%LVKRS-0DQG)RUVWHU5(3XOPRQDU\FDSLOODU\EORRG ? ? ?
YROXPHIORZDQGGLIIXVLQJFDSDFLW\GXULQJH[HUFLVHJ Appl Physiol  ? ? ?
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
 .DVFK):%R\HU-/9DQ&DPS61HWWO)9HULW\/6DQG:DOODFH-3 ? ? ?
&DUGLRYDVFXODUFKDQJHVZLWKDJHDQGH[HUFLVH$\HDUORQJLWXGLQDOVWXG\Scand J Med Sci  ? ? ?
Sports  ? ? ?
 .RYDFV*%HUJKROG$6FKHLGO6DQG2OVFKHZVNL+3XOPRQDU\DUWHULDOSUHVVXUH ? ? ?
GXULQJUHVWDQGH[HUFLVHLQKHDOWK\VXEMHFWVDV\VWHPDWLFUHYLHZEur Respir J  ? ? ?
 ? ? ?
 .UHQ]*6DQG'DZVRQ&$)ORZDQGSUHVVXUHGLVWULEXWLRQVLQYDVFXODUQHWZRUNV ? ? ?
FRQVLVWLQJRIGLVWHQVLEOHYHVVHOVAm J Physiol Heart Circ Physiol + ? ? ?
 /D*HUFKH$0DF,VDDF$,%XUQV$70RRQH\'-,QGHU:-9RLJW-8+HLGEXFKHO ? ? ?
+DQG3ULRU'/3XOPRQDU\WUDQVLWRIDJLWDWHGFRQWUDVWLVDVVRFLDWHGZLWKHQKDQFHGSXOPRQDU\ ? ? ?
YDVFXODUUHVHUYHDQGULJKWYHQWULFXODUIXQFWLRQGXULQJH[HUFLVHJ Appl Physiol (1985) 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